Anesthesia was induced with intraperitoneal bolus injections of the α 2-adrenergic-receptor agonist 1 0 6 xylazine (10 mg kg −1 ) and the NMDA-receptor antagonist ketamine (60 mg kg −1 ). To maintain 1 0 7 anesthesia during surgery, we administered supplemental doses of ketamine (30 mg kg −1 /20 min). 1 0 8
Anesthesia level was assessed by testing the motor response to a hind-limb pinch. For the duration 1 0 9 of the experiment, the mice were supplied with NaHCO 3 (200 mM, 0.15 ml/2 h, i.p.) to prevent 1 1 0 metabolic acidosis and declining blood pressure. Upon completion of all surgical procedures, 1 1 1 anesthesia was switched to continuous intravenous infusion with α -chloralose (25 mg/kg/h, i.v.) 1 1 2 (Figure 1) . 1 1 3
During surgical procedures, Xylazine provides analgesia and sedation however, it has substantial 1 1 4 systemic effects on blood pressure and respiration. Ketamine does not effect the respiratory system 1 1 5 ischemic injury, but the mechanisms are incompletely understood, (Lay et al., 2011; 2012; Frostig 3 3 2 et al., 2013; Hancock et al., 2013; Lay and Frostig, 2014; von Bornstadt et al., 2018) and additional 3 3 3 studies are needed to clarify these findings (Baron, 2018) . Here we report that in early stroke, the 3 3 4
astrocytic Ca 2+ signals in the penumbra were moderately preserved, while electrical potentials and 3 3 5
neuronal Ca 2+ responses were almost silenced. We speculate that astrocyte activity in the 3 3 6 electrically silent penumbra may mechanistically contribute to functional recovery after ischemic 3 3 7 stroke. 3 3 8
In a recent publication, we demonstrated increased spontaneous astrocytic Ca 2+ activity and 3 3 9 stroke-resistant spontaneous neuronal Ca 2+ activity in the penumbra of old mice, while neuronal and 3 4 0 astrocytic spontaneous Ca 2+ activity were reduced in adult mice (Fordsmann et al., 2018) . In our 3 4 1 present study, we found that electrical silence did not exclude stimulation-evoked Ca 2+ signaling in 3 4 2 the penumbra. These results suggest a mismatch between Ca 2+ signaling and electrophysiological 3 4 3 signals in the penumbra. Notably, astrocytic Ca 2+ signals were better preserved in the penumbra of 3 4 4 old mice than adult mice. The exact mechanism underlying these age-dependent effects is unknown, 3 4 5
and it remains to be determined whether penumbral astrocytic Ca 2+ signals in aged mice are 3 4 6 adaptive, beneficial, or damaging. Stroke predominantly occurs in elderly people, and age strongly 3 4 7 influences patient outcomes after stroke; however, most preclinical studies have been performed in 3 4 8 young animals, and thus have less translational potential than data from an aged experimental group 3 4 9 (Liu et al., 2009; Chen et al., 2010; Manwani and McCullough, 2011; Selvamani et al., 2014) . 3 5 0
Astrocytes may positively or negatively influence tissue survival depending on their phenotype, 3 5 1 which dramatically changes during a life course (Bhat et al., 2012) . In old mice, astrocytes 3 5 2 transform to a reactive neuroinflammatory phenotype that produces complement components, and 3 5 3 releases toxic factors that kill neurons and oligodendrocytes in the uninjured brain (Clarke et al., 3 5 4 2018). During ischemia, this astrocyte phenotype is likely to change to also express ischemia-3 5 1 6 induced genes (Clarke et al., 2018) . It may be possible to enhance neuroprotection by blocking 3 5 6 astrocyte conversion to the inflammatory or ischemic phenotype, (Yun et al., 2018) but additional 3 5 7 studies are needed to examine this possibility. 3 5 8
Few prior studies have examined astrocytic Ca 2+ signaling in vivo in the penumbra. Reports 3 5 9 describe increased astrocytic Ca 2+ in association with large spontaneous Ca 2+ waves, reminiscent of 3 6 0 cortical spreading depolarization waves, during the first 1-1.5 hours after vascular occlusion (Ding 3 6 1 et al., 2009; Rakers and Petzold, 2017) . Exposure to mild sensory stimulation may also elicit 3 6 2 cortical depolarization waves at later times in susceptible cortical regions, (von Bornstadt et al., 3 6 3 2015) but this was not observed in our present study. Even in the absence of cortical spreading 3 6 4 depolarization waves, the ischemic penumbra is electrically silenced due to low blood flow, (Astrup  3  6 5 et al., 1977) as was evident in our adult and old mice. Consistent with previous findings, our present 3 6 6 results support that neurons are more sensitive to ischemia than astrocytes, since stroke abolished 3 6 7 all types of neuronal Ca 2+ activity in both young and old mice, but did not abolish astrocyte activity 3 6 8 (Duffy and MacVicar, 1996; Brown, 2004) . 3 6 9
Studies using genetically encoded Ca 2+ indicators have detected spontaneous and evoked 3 7 0 Ca 2+ signals in fine processes around synapses, which exhibit spatial and temporal variation 3 7 1 (Shigetomi et al., 2016; Verkhratsky and Nedergaard, 2018) . The exact function of Ca 2+ signals in 3 7 2 each of these microdomains is still being investigated. In our present study, we did not assess Ca 2+ 3 7 3 signals from finer astrocytic branches because these branches cannot be labeled with organic dyes. 3 7 4
On the other hand, compared to genetically encoded dyes, organic dyes label a greater portion of 3 7 5 astrocytes, and our Ca 2+ signals mainly stemmed from astrocyte somas, thick processes, and end-3 7 6 feet. The low SR101 concentration (≤50 μ M) used in our study did not induce seizure activity, 3 7 7 which has been observed in other studies (Kang et al., 2010; Rasmussen et al., 2016) . In our sham 3 7 8 controls, the responsivity of astrocyte somas, processes, and end-feet to stimulation was similar 3 7 9 1 7 across structures, consistent with previous findings (Gu et al., 2018) .
We identified a significant correlation between evoked neuronal and astrocytic Ca 2+ signals 3 8 1 in control mice, which was disrupted after stroke in both adult and old mice. These findings suggest 3 8 2 that stroke interrupts neuronal control over astrocytic Ca 2+ signaling, Ischemia-induced energy 3 8 3 depletion may result in the release of glutamate, GABA, and ATP, which may affect Ca 2+ signaling 3 8 4 and interactions between astrocytes and neurons in the penumbra (Fellin et al., 2004; Wang et al., 3 8 5 2006; Attwell et al., 2010) . 3 8 6
In summary, here we used in vivo two-photon microscopy to measure the cytosolic Ca 2+ 3 8 7 responses evoked by physiological stimulation in the penumbra of adult and old mice. We report 3 8 8 that moderately preserved astrocytic Ca 2+ responses may modulate the neuroprotective effect of 3 8 9 sensory stimulation in early stroke. Moreover, astrocytic Ca 2+ signals were better preserved in old 3 9 0 than in young adult mice. Modulation of astrocyte activity may be considered in future 3 9 1 neuroprotective strategies. 3 9 2 3 9 3 Acknowledgements 3 9 4
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